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[OPTICAL DISK DRIVE CONTROL 
CIRCUIT AND METHOD] 

Background of Invention 

[0001 ] 1 . Field of the Invention 

[0002] The present invention relates to an optical disk drive, and more specifically, to a 
control circuit and method for controlling an optical disk drive. 

[0003] 2. Description of the Prior Art 

[0004] Optical disk drives such as compact disk (CD) drives and digital versatile disk 

(DVD) drives are widely used storage devices. Aside from audio and video information 
CDs and DVDs are commonly used to store computer software and other data. 

[0005] Essentially, both CD and DVD disks comprise a spiral track from which data can be 
read by an optical pickup head of the CD or DVD drive. During a read mode, the 
optical pickup head is controlled to follow the spiral groove to sequentially read data 
from the disk. During a seek mode, when a track or frame seek function is executed, 
drive electronics control the optical pickup head to move to a new frame or new track 
of the disk. 

[0006] According to the prior art, the drive electronics reference tabulated positional data 
and must further decode data stored in frames of the CD or DVD disk, such as 
subcode data, in order to adjust the position of the optical pickup head. While the 
optical pickup head changes tracks, a phase-locked loop monitors an eight-to~ 
fourteen modulation (EFM) signal to control the rotational speed of the disk. In other 
words, during the seek function, the optical pickup head is moved across the surface 
of the disk to a new location and the phase-locked loop responds accordingly. Slow 
response of the phase-locked loop results in the time and processing overhead 
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required for performing the seek function becoming high enough to affect overall 
seek time and performance of the CD or DVD drive. 

[0007] In many cases, such as high-speed (32X-48X+) CD-ROM drives, a limiting factor 
in drive data read rate is data seek time. This is further apparent in non-sequential or 
random access of the frames of a CD-ROM disk. The high-speed potential of the CD- 
ROM drive is negated by a longer than necessary seek time, and the drive spends 
much of its operational time delivering data at rates more in line with low-speed 
drives (8X-1 6X). This problem also exists in other types of CD and DVD drives to 
varying degrees, and typically, additional time and processing overhead is required to 
overcome it. 

[0008] Please refer to Fig.l . Fig.l shows a phase-locked loop 1 0 for controlling a CD or 
DVD drive according to the prior art. A frequency detector 1 2 and a phase detector 14 
receive an EFM signal and a data phase-locked loop (DPLL) signal. A filter 16 accepts 
error signals output from the frequency detector 12 and the phase detector 14. The 
filter 1 6 outputs a control signal to a voltage-controlled oscillator (VCO) 1 8 that 
produces a corresponding oscillating signal at a frequency relating to the Input 
control signal. A frequency divider 20 divides the oscillating signal and outputs the 
DPLL signal to the frequency detector 1 2 and the phase detector 14. The phase- 
locked loop 10 locks onto a component frequency of the EFM signal to regenerate a 
clock signal to facilitate synchronized reading of data from the optical disk as 
described above. This type of optical drive control circuit Is well known in the art and 
can suffer from slow response and long stabilization time. 

[0009] Therefore, prior art optical disk drives, such as CD and DVD drives, have phase 
locked-loop control circuits and control methods that do not provide adequate seek 
times. Furthermore, the stabilization time of the prior art control circuit is too long 
during the seek mode or during a time when a spindle rotation speed of the optical 
disk drive changes. 

Summary of Invention 

[0010] 

It is therefore a primary objective of the present invention to provide an optical 
disk drive control circuit and method that can calculate a target frequency for a data 
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phase-locked loop (DPLL) signal to solve the problems of the prior art. 

[001 1] Briefly summarized, a preferred embodiment of the present invention includes a 
frequency detector and a phase detector both for receiving an eight-to-fourteen 
modulation (EFM) signal and a data phase-locked loop (DPLL) signal. A low pass filter 
receives output from the frequency detector and the phase detector and outputs a 
corresponding first control signal. A voltage-controlled oscillator (VCO) is provided 
connected to the low pass filter. The VCO receives the first control signal and outputs 
the DPLL signal accordingly. Further provided is a controller that monitors the DPLL 
signal and outputs a second control signal to the VCO. The controller is capable of 
calculating a target frequency and outputs the second control signal to the VCO to 
cause the VCO to output the DPLL signal according to the target frequency. 

[0012] According to a preferred embodiment of the present invention, during a non-seek 
mode, the VCO outputs the DPLL signal according to the first control signal. Moreover, 
during a seek mode, the controller calculates a target frequency and outputs the 
second control signal to the VCO to cause the VCO to output the DPLL signal 
according to the target frequency. 

[001 3] According to a preferred embodiment of the present invention, the controller 
calculates a target frequency and outputs the second control signal to the VCO to 
cause the VCO to output the DPLL signal according to the target frequency when a 
rotation speed of a spindle of the optical disk drive changes. 

[0014] A method according to a preferred embodiment of the present invention monitors 
a DPLL signal, generates a first control signal based on the EFM signal and the DPLL 
signal, and, when an optical disk drive is in a non-seek mode, generates the DPLL 
signal based on the first control signal. The method further calculates a target 
frequency, generates a second control signal based on the target frequency, and, 
when the optical disk drive is in a seek mode, generates the DPLL signal based on the 
second control signal. 

[001 5] It is an advantage of the present invention that the controller calculates a target 
frequency for the DPLL signal during the seek mode thus reducing overall seek time. 

[0016] It j5 an advantage of the present invention that the controller calculates a target 
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frequency for the DPLL signal when a rotation speed of the spindle of the optical disk 
drive changes. 

[0017] These and other objectives of the present invention will no doubt become obvious 
to those of ordinary skill in the art after reading the following detailed description of 
the preferred embodiment that is illustrated in the various figures and drawings. 

Brief Description of Drawings 

[001 8] Fig.1 is a block diagram of a phase-locked loop for controlling an optical disk 
drive according to the prior art. 

[001 9] Fig. 2 is a block diagram of a control circuit for controlling an optical disk drive 
according to a preferred embodiment of the present invention. 

[0020] Fig. 3 is a flowchart of an operation of a preferred embodiment of the present 
invention. 

Detailed Description 

[0021] The present invention applies to optical disk drives such as compact disk (CD) 
drives and digital versatile disk (DVD) drives. Currently, there are a large number of 
applications of these drives such as CD-ROM, CD-RW, and DVD+RW to name just a 
few. 

[0022] 

Please refer to Fig. 2. Fig. 2 shows a block diagram of a control circuit 30 according 
to a preferred embodiment of the present invention. The control circuit 30 includes a 
frequency detector 32 and a phase detector 34 having outputs connected to a low 
pass filter 36. An output of low pass filter 36 is connected to a voltage-controlled 
oscillator (VCO) 38. The VCO 38 has an output connected to a frequency divider 40, 
which is connected to inputs of the frequency detector 32 and the phase detector 34. 
The VCO 38 is capable of receiving multiple signals and switching or otherwise 
selecting between these signals. The control circuit 30 further includes a controller 42 
connected to the output of the frequency divider 40. An output of the controller 42 is 
connected to a second input of the VCO 38. The controller 42 comprises a frequency 
monitor 44, calculation logic 46, and a digital-to-analog converter (DAC) 48. Input to 
the controller 42 is first received by the frequency monitor 44. An output of the 
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frequency monitor 44 is connected to the calculation logic 46. Output of the 
calculation logic 46 goes to the DAC 48, and output of the DAC 48 becomes output of 
the controller 42. 

[0023] The frequency detector 32 and the phase detector 34 receive an eight-to-fourteen 
modulation (EFM) signal and a data phase-locked loop (DPLL) feedback signal as 
illustrated in Fig. 2. The EFM signal is supplied to the frequency detector 32 and the 
phase detector 34 from an optical pickup head that reads an optical disk. The 
frequency detector 32 and the phase detector 34 compare the EFM signal and the 
DPLL signal and output corresponding error signals as is well known in the art. The 
low pass filter 36 receives the outputs of the frequency detector 32 and the phase 
detector 34 and outputs a corresponding first control signal. The VCO 38 receives the 
first control signal and accordingly generates the DPLL signal. The DPLL signal is input 
as a feedback signal to the frequency detector 32 and the phase detector 34 after first 
being frequency divided by the frequency divider 40. The control circuit 30 as 
described thus far can lock onto a component frequency of the EFM signal to 
regenerate a clock signal to facilitate synchronized reading of data from the optical 
disk. 

[0024] The frequency monitor 44 of the controller 42 also receives the DPLL signal output 
from the frequency divider 40. The frequency monitor 44 monitors the DPLL signal. 
The calculation logic 46, being a small processor or similar logic circuit, calculates a 
target frequency and output the target frequency to the DAC 48. The DAC 48 then 
converts the digitally encoded target frequency to an analog second control signal 
that is sent by the controller 42 to the VCO 38. 

[0025] 

The control circuit 30 has several modes of operation, two of which being a non- 
seek mode and a seek mode. During the non-seek mode, the CD or DVD drive is 
typically reading data from the surface of the disk. Depending on the operatmg 
principle of the drive a spindle spins the disk with a constant angular velocity (CAV), a 
constant linear velocity (CLV), or some combination of CAV and CLV. Regardless of the 
operating principle of the drive, during the non-seek mode the input to the VCO 38 is 
set to the first control signal output from the low pass filter 36. The control circuit 30 
then locks onto the clock frequency component of the EFM signal, thus facilitating 
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correct rotation speed of the spindle and disk. 

[0026] During the seek mode, the optical pickup head of the optical drive must traverse 
the disk to a new track, a track being a nearly circular concentric segment of a spiral 
groove of the optical disk. The seek mode can be initiated In many different ways such 
as a user button press, a command from a computer, or others. Accordingly, the 
calculation logic 46 of the controller 42 determines a target frequency of the DPLL 
signal corresponding to the new track and outputs the target frequency to the DAC 48 
to cause the DAC 48 to output the second control signal to the VCO 38. The second 
control signal then causes the VCO 38 to generate the DPLL signal at the target 
frequency. 

[0027] The calculation logic 46 determines the target frequency as follows: 
[0028] ^ ^ ^" ^ V^^^ 

[0029] where, 

[0030] f ^p^^ is the frequency of the DPLL signal, the target frequency to be set as 
determined absolutely; 

[0031] R is an absolute radius of the seeked track measured from the center of the disk; 

[0032] f . ^, is a rotational frequency of the spindle; 
spmdie 

[0033] C is a channel bit length of media on the disk 

[0034] Thus, the target frequency can be set depending on the rotational speed or 

frequency of the spindle, the radius of the new track, and the channel bit length. The 
radius of the track depends on a track number (i.e. where the track is with respect to 
the center of the drsk) and track pitch, and the track pitch depends on the type of 
disk. The channel bit length also depends on the type of disk. For a typical CD, as an 
example, the track pitch is 0.833 m m and the channel bit length is dependant on the 
pitch length of 1 .6 m m. The controller 42 determines specifically what type of disk is 
in the drive, and sets these parameters accordingly. Additionally, the controller 42 
monitors the track number and the rotational speed or frequency of the spindle. 
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[0035] 



[0036] 

[0037] 
[0038] 
[0039] 



[0040] 
[0041] 
[0042] 
[0043] 



[0044] 



[0045] 



Moreover, a change in track number becomes a change in the DPLL frequency. The 
calculation logic 46 of the controller 42 can determine the target frequency by 
determining a change In track number and the resulting change in DPLL frequency as 
follows: 

_ 2a AT p f,^^^ 



where. 



A f Is a change in the frequency of the DPLL signal; 
DPLL 

T is a change in track number, or the distance in tracks to the track that is being 
seeked, a track being one of a plurality of concentric rings of the spiral groove on the 
disk; 

p is a track pitch, the spacing between the tracks; 

f is the desired target frequency for the DPLL signal; 

target 

f ^ is the current DPLL frequency; 

The change in the DPLL frequency is added to or subtracted from the current DPLL 
frequency by the controller 42, depending on the direction of the track seek (towards 
the outer edge of the disk or towards the center) to determine the target frequency. 

Thus in either of the two approaches described above, the controller 42, using the 
calculation logic 46, determines the target frequency for the DPLL signal. The 
controller 42 then outputs the second control signal from the DAC 48 to the VCO 38 
to generate the DPLL signal at the target frequency. In practical application, the 
second control signal can be retrieved from a look-up table, which can be stored in 
the controller 42, by referencing the target frequency. 

During the seek mode the controller 42 sets charge pump currents of the 
frequency detector 32 and the phase detector 34 according to the target frequency to 
adjust the response time of the control circuit 30. When the charge pump currents are 
increased, response of the control circuit 30 is relatively fast. When the charge pump 
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currents are decreased, response of the control circuit 30 is slower. The controller 42 
also sets an RF equalizer signal and a differential phase detector (DPD) equalizer 
signal, both of which are used to filter signals coming from the optical pickup head, 
according to the target frequency. In practical application, the RF equalizer signal and 
the DPD equalizer signal can also be retrieved from a look-up table, which can be 
stored in the controller 42, by referencing the target frequency. 

[0046] The controller 42 further detects when the spindle speed of the optical drive 

changes and when the DPLL frequency must accordingly change. The spindle speed 
can change when, for example, the optical pickup head enters a zone of the disk to be 
read at a different spindle rotation speed, such as in the case of a disk partitioned into 
a plurality of CAV zones. This can also occur if controlled externally by a user or a 
computer. The controller 42 detects when the spindle speed changes and accordingly 
generates the second control signal as described above for the seek mode. 

[0047] Please refer to Fig. 3, Fig. 3 is a flowchart illustrating an operation of the present 

invention according to a preferred embodiment. The flowchart of Fig. 3 is described as 
follows: 

[0048] Step 1 00:Start: 

[0049] Step 102: 

[0050] The controller 42 monitors the DPLL signal frequency. The VCO 38 is operating 
based on the first control signal input from the low pass filter 36; 

[0051] Step 104: 

[0052] The controller 42 determines if the optical disk drive is in the seek mode. Has the 
seek mode been initiated by a user, or a command from a computer, or other source? 
If the seek mode has been initiated go to step 106. If the seek mode has not been 
initiated go to step 108; 

[0053] Step 106: 

[0054] 

The controller 42 sets or retrieves the values of optical drive operation parameters 
such as the frequency of the spindle and the seeked track number, and media 
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dependant parameters such as channel bit length and track pitch; 
[0055] Step 108: 

[0056] The controller 42 determines if the rotational speed of the spindle is changing. Is 
the spindle speed changing? If it is changing, go to step 1 06. If not, go to step 1 1 6; 

[0057] Step 110: 

[0058] The calculation logic 46 of the controller 42 calculates a target frequency for the 
DPLL as previously described; 

[0059] Step 112: 

[0060] The DAC 48 of the controller 42 generates the second control signal based on the 
calculated target frequency. The controller 42 outputs the second control signal to the 
VCO 38; 

[0061] Step 114: 

[0062] The controller 42 sets other outputs such as the charge pump currents of the 

frequency detector 32 and the phase detector 34, and the RF equalizer signal and the 
DPD equalizer signal according to the calculated target frequency; 

[0063] Step 1 16:End. 

[0064] The procedure described above determines which mode the control circuit 30 is in 
and whether or not the spindle rotation speed is changing. If the optical drive is 
neither in the seek mode nor changing the spindle rotation speed, then the control 
circuit 30 operates in the previously described non-seek mode. 

[0065] In practical application, the present invention control circuit 30 and method can 
be implemented with standard electronic components. In the preferred embodiment 
described, the VCO 38 includes a switch that can be set to select which input signal, 
the first or second control signal, the VCO 38 generates the DPLL signal based on. 
This switch can be of many types and that can be indirectly or directly controlled by 
the controller 42. Furthermore, the low pass filter 36 could be replaced with another 
type of suitable filter such as a loop filter. 
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[0066] In contrast to the prior art, the present invention has a controller that calculates a 
target frequency during a seek mode or when a spindle rotation speed changes. The 
controller references optical drive operation parameters such as a frequency of a 
spindle and a track number, and media dependant parameters such as channel bit 
length and track pitch. The calculated target frequency is converted into a second 
control signal by the controller to drive a voltage-controlled oscillator to output a 
DPLL signal. Moreover, the controller outputs charge pump currents to a frequency 
detector and a phase detector, and an RF equalizer signal and a DPD equalizer signal 
according to the calculated target frequency. The present invention control circuit 
offers a shorter seek time and quicker stabilization than the prior art. 

[0067] Those skilled in the art will readily observe that numerous modifications and 

alterations of the device may be made while retaining the teachings of the invention. 
Accordingly, the above disclosure should be construed as limited only by the metes 
and bounds of the appended claims. 
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